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Any finite hamiltonian group H can be written as a direct product of three groups: the 
quatemion group Q, an abelian group A, of odd order and rank t b 0, and an abelian 2-group 
Z$, s 3 0. The genus of H is computed for r - 2, s = 1, and, when 3 divides the order of H, for 
r = 2, s = 2, 3 and r = 3, s = 1, 2. New bounds are given for the other low rank cases of r = 2, 
s < 3 and I = 3, s < 2. Tables are given indicating the status of the genus problem for all cases 
of r and s and listing all unknown cases of order loo0 or less. 
1. Introduction 
A hamiltonian group is a nonabelian group for which every subgroup is normal. 
An arbitrary finite hamiltonian group H can be written in a unique way as the 
direct product 
H=QxA,xZ”,, 
where Q is the quatemion group of order eight, A, is an abelian group odd order 
and rank I 2 0, and 2; is the direct product of s copies of &, the cyclic group of 
order 2. The structure theorem for finite abelian groups states that A can be 
written uniquely in the form 
We call H triangular if ml = 3 and nontriangular otherwise. 
The genus y(H) of the group H is the least possible genus of an orientable 
surface in which some Cayley graph for H can be embedded. This definition was 
first introduced by White [7], but similar concepts go back to Bumside, Dyck, 
and Maschke. For further discussion of the genus parameter, see [8] or [2]. The 
genus for most abelian groups has been computed by Jungerman and White [4]. 
Himelwright [3] computed the genus of hamiltonian groups with r G 1, while 
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Table 1. 
r/s 0 1 2 3 4 5 6 7 
0 F H H H H H H H 
1 H H H H H H H H 
2 - - - - w w w w 
3 - - - w w w w w 
4 - 
5 - ” 
W w w W w w 
W W W w w w 
6 - w W W W W w w 
7 - w W W W W W W 
A capital etter indicates a complete solution for the given values of t and S. A 
lower-case letter indicates a solution only for the nontriangular case. A dash 
mew the case was unsolved before this paper. Letters have the following 
meaning: F-folklore (see for example [Ii), H-Himelwright, W-Pisanski and 
White. 
Pisanski atxi White [S] solved many of the cases when r > 1. The patchwork 
construction developed by White and Pisanski (see [2]) provides the desired 
quadrilateral embeddings for s + 1 Z= r, so the most difficult cases are for sma!! s. 
In addition, the triangular cases provide difficulties since at present there are no 
good techniques to construct embeddings having many triangular faces. The 
status of the genus problem for hamiltonian groups is summarized in Table 1. 
This paper partially Mls in the blanks in the rows of the table corresponding to 
r = 2 and r = 3. A sequel to this paper [6] solves, using completely different 
methods, the cases for s = 0, r = 2 mod 4, r 2 6. The main results of this paper 
are stated in the following theorem (IHI denotes the order of H): 
Theorem. Ifr=2andss3orr=3andsc2, then 
1 + IHI (r + s)/12 S y(H), 
with equality whenewer the lefi-side is an integer and s # 0. When r = 3 and s = 0, 
this lower bound can be improved to I+ IHl/3. Moreover y(H) has the following 
upper bounds: 
2 + IHI/ - m2, whenr=2,s=O; 
1+ 4m1 [8m2/31, whenr=2,s=2; 
I+ 16mI [Sm2/31, when r = 2, s = 3; 
1 + 2mImz[8m,/3], when r = 3, s = 1; 
1 + 8mlm2[5m,/31, when r = 3, s = 2; 
whereH=QxA,xZS,andA,=Z,,x~~~xZ,I, mIlrn2===lrn, 
Throughout this and the next section, H denotes the hamiltonian group 
Q x A x Z:, where A is an odd order abelian group. The elements of Q are 
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+lenoted f 1, fi, &j, fk. In abelian groups, multiplication is written a + 6 and 
the identity is denote5 0. The cyclic group 2, is viewed as the integers 
Q,l,.. .,m- 1 under addition modulo m. 
We need first some definitions and notation. Let C(G, X) be the Cayley graph 
for the group G using the generating set X. The vertices of C(G, X) are the 
elements of G and for each x E X and g E G there is an edge from g to gx; if x is 
an involution, we agree to identify the pair of edges from g to gx and from gx to 
gxx = g. -us if X has t2 elements of order 2, ?he valence (degree) of each vertex 
of C(G, X) is 2 1X1- t2. Define the valence of X, denoted val(X), as 2 1X1- f2. 
Define the valence of G, denoted val(G), as the minimum valence of any 
generating set for G. Recall the rank of G, denoted rank(G), is the minimum size 
of any generating set for G. The crucial property satisfied by both rank and 
valence is the following: 
If there is a homomorphism of G onto G’, then 
rank(G) 3 rank(G’), ano val(G) 3 val(G’). 
Given a generating set for a group, a relator of length n is a finite sequence 
g,, g2, l l l 9 g,, of generators or inverses of generators such that the product 
g1g2 l l l g,,, is the identity. 
Finally, define a generating set X for the group G to be genus-producing if the 
Cayley graph C(G, X) embeds in the surface of genus y(G). 
The lower bounds we obtain for y(H) depend on the following sequence of 
lemmas. 
Ilemma 2.1. val(Q x 2;) = s + 4. Moreover, the only generating sets for Q x 2; 
of valence s + 4, up to a re-labeling of the elements of Q, have the form : 
x = (i, c,), y = (j, cY), z1 = (f 1, cl), . . l , z, = (f 1, c,), where c,, cy, cl, . . . , c, 
are elernem3 of 2:. 
Proof. If Cl,..., c, are chosen to generate Z;, then the set {x, y, zl, . . . , zs} 
clearly generates Q x 2; and has valence s + 4. Thus val(Q x 2;) s s + 4. Let X 
be a generating set for Q x 2; of minimum valence. Since Q can be mapped onto 
Z2 x Z2 with kernel { f 1}, rank(Q x 25) 2 rank(Zi+2) 2 s + 2. Hence 1x12 s + 2. 
Any generating set for Q must contain, up to relabeling of the elements of Q, the 
elements i and j. Thus X must contain elements of the form x = (i, c,) and 
y = (j, c,). Since _ ‘, and y both have order greater than two and (Xl Z= s + 2, we 
have val(X) 3 s + 4. Therefore val(X) = val(Q x 2;) = s + 4. In particular, the 
elements of X other than x and y must all have order two. The only elements of 
Q x 2: having order two are of the form (f 1, c). thus the remaining elements of 
X are as described. Cl 
It can be shown that cl, . . . , c, must actually generate Z$, but this is not 
needed for our applications. 
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I,,emma 2.2. Let H = Q x A x Z;, where A is an odd order abelian group of rank 
2. Then val(H) = s + 4. Moreover, the only generating sets of valence s + 4 for H 
have the form x = (i, a, c,), y = (j, b, c,,), z1 = (& 1, 0, cl), . . . , tl, = (-+l, 0, c,), 
where a and b generate A and c,, c,,, cl, . . . , c, are elements of 25. 
proof, If cl, . . . , c, generate Z”,, then the set {x, y, zl, . . . , a} generates H 
(note that the cyclic subgroup generated by (i, a, 0) contains both (1, a, 0) and 
(i, 0,O) since a has odd order). Thus val(H) s s + 4. Since H maps onto Q x Z$, 
we have val(H) 2 s + 4 by Lemma 2.1. The proof that any generating set for H of 
valence s + 4 has the desired form is analogous to the proof of Lemma 2.1 and is 
therefore omitted. 0 
Lem 2.3. Let A be an odd order abelian group of rank 2 generated by a and 6. 
Then in the group Q x A there is no nontrivial relator of length less than six 
involving x = (i, a) and y = (j, b). 
Proof. The cosets of the index two subgroup of Q generated by k form a 
bipartition of the Cayley graph for Q using the generating set {i, j}. Thus every 
cycle in that Cayley graph, and hence every relator involving i and j, has even 
length. In particular, there can be no relator involving x and y of length 3 or 5. 
The only possible 4-relators in A involving a and b, other than commutators, are 
4u, 4b, 2a & 2b, a f: 38, b f: 3a. The first two contradict he odd order of A, and 
each of the last three implies that A is cyclic generated by a or b, rather than rank 
two. Thus the only 4-relators in A involving a and b are commutators. Since i and 
j do not commute, there is no relator of length 4 in Q x A involving x and y. Cl 
Lemma 2.4. Let K be a regular n-vertex graph of valence d embedded in a surface 
of genus y and let $ be the number of faces of size i. Then 
y a 1 + n(2d - 6)/12 - (3f3 + 2f4 +f5)/12 
with equality if and only if fi = 0 for i > 6. 
f. This is just Theorem 6.4.1 of [2] with genus replacing Euler characteristic. 
It is proved using standard counting arguments and Euler’s equation for the 
surface of genus y. Cl 
Leru.ma 2.5. Let X be a generating set for the group G such that X has t2 elements 
of order two, t3 elements of order three, and t elements of order greater than three. 
If the Cayley graph C(G, X) is embedded in a surface of genus y then 
y 2 1 + ICI (2t + t2 + (z)t3 - 4)/8. 
This is just Lemma 11 from [5]. It can be proved from Lemma 2.4 
by assuming h and f4 are as large as possible: namely f3 = IGl t3/3 and f4 = 
val(x) ICI/4 -f+ 0 
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We are now ready to give our lower bounds for the case r = 2. 
Theorem 2.6. Let H = Q x A X Z& where A is an odd order abelian group of 
rank 2. Then 
1+ [IHl (s +2)/12], 
y(H)L(1+lH~s/8, 
for f&s<4 
f orsa4 
Proof. Let X be a genus-producing generating set for H and let t2, t3, t be as 
defined in Lemma 2.5. Since H can be mapped onto Q x Zi, which has valence 
s + 4 and no elements of order three, we must have 2t + t2 2 s + 4. Thus by 
Lemma 2.5 y(H) 2 1 + IHI (s + 4 - 4)/8 for all s, which establishes our lower 
bound when s 3 4. If t3 > 0, then y(H) 3 1 + I HJ (s + $)/8. Since (s + $)/8 2 
(s + 2)/12 for all s 30, we can assume t3 = 0. If val(X) > s + 4, then again by 
Lemma 2.5 we have y(H) 2 1 + IHI (s + 1)/8. Since (s + 1)/8 2 (s + 2)/12 for all 
s 3 1, we can assume val(X) = s + 4, except possibly in the case s = 0 where we 
may have val(X) = 5. However, when s = 0 the only element of order two in H is 
(- 1, 0), which is not in any irredundant generating set for H. Since any 
genus-producing generating set can be assumed to be irredundant, val(X) # 5 
when s = 0. 
We conclude that we can assume val(X) = s + 4. Then X must be as described 
in Lemma 2.2. By Lemma 2.3, the only relators of length less than 6 are length 4 
commutators involving at least one of the generators zl, . . . , z,. In particular, the 
number of quadrilaterals meeting at any vertex in an embedding of the Cayley 
graph C(H, X) is at most 2s. Thus in Lemma 2.4, f3 =fs = 0 and f4~ 2r JHl/4. 
Using d = s + 4 in Lemma 2.4, we obtain y(H) 2 I+ IHI (2s + 2)/12 -s (HI/12 = 
1 + IHI (s + 2)/12. Cl 
Theorem 2.7. (r = 3) Let H = Q x A x 2; where A is an odd order abelian group 
of rank 3. Then 
(i) y(H)al+IHl/3 ifs=Oors=l, 
(ii) y(H) 3 1 + IHI (3) ifs = 2, 
(iii) y(H) 3 1 + IHI (s + 1)/8 ifs > 2. 
Proof. Let X be genus-producing. Since A needs at least 3 generators of order 
greater than 2, so does X. This means val(X) 2 6 for s = 0 or s = 1, and, since 
rank(H) 2 rank(& x Z2 x Z2 x Z,) = 4, val(X) 2 7 for s = 2. 
Suppose that s - 0 or 1 and val(X) = 6. Two of the generators in X must be of 
the form x = (1, a, -) and y = (j, b, -), where a and b generate a rank 2 
subgroup of A. By Lemma 2.3, any relator of length less than 6 must involve the 
third generator z. Thus, as in the proof of Theorem 2.6, 
Y(H) 3 1+ IHI (8) - M + VI +f,W 
3 I+ IHI (5) - 2 IHI/ = 1 + IHl/3. 
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If s = 0 or 1 and val(x) 2 7, then since at least the two generators in X having 
nontrivial Q-coordinate have order greater than 3, we have by Lemma 2.5, 
y(H) 2 1+ IHI (4 + 1 + 5 - 4)/8 = 1 + jHj/3. 
Suppose instead that s = 2 and val(X) = 7. Once again, there must be two 
elements in X of the form x = (i, Q, - 1) and y = (i, 6, -), where a and 6 generate 
a rank 2 subgroup of A. Thus the only relators of length less than 6 must involve 
the other generators, z of order greater than 2 and w of order 2. There are 
2 IHI z’s and IHI w’s available to build faces so 
3f3+Wa+fSQ3IHI, 
and therefore by Lemma 2.4 
y(H) 2 1 + IHj (3) - 3 IHI/ = 1 + IHI (6). 
If s = 2 and val(X) > 7, then by Lemma 2.5, since again t 2 2, we have 
y(H)al+IHI(4+$+5-4)/8=l+IH((&). 
Finally, if s > 2, it follows directly from Lemma 2.5 that 
y(H) 2 1+ IHI (S + 1)/8. Cl 
3. Constructing embeddings for upper bounds 
The embeddings in this section depend on both the voltage graph and the 
patchwork (tubing) constructions. The reader is referred to Gross and Tucker [2] 
for the details about these constructions. 
We give a general theorem combining the two constructions. Recall that the 
excess voltage of a face in an embedded voltage graph is the product of the 
voltages encountered in a trip around the face boundary. Although excess voltage 
is defined only up to conjugacy, its order is well defined. A generalized patchwork 
of an embedding is a set F of faces such that each vertex of the embedded graph 
lies on at least one face in F. 
eorem 3.1. Suppose that G is a voltage graph embedded in a sur$ace of genus y 
and that G is an n-sheeted component of the derived graph. Suppose also that the 
embedding of G has s disjoint generalized patchworks and that B is a bipartite 
graph of valence s having m vertices. Then G x B has an embedding Ct the surface 
of genus 
1 -I (mn+~ - 1) + c ((d - l)jii +pd)ld) 
4” 
where fd, respectively pd, is the number of faces, respectively patchwork faces, 
having excess voltage of order d. 
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Proof. The derived embedding G --) s has Euler characteristic 
It also has s generalized patchworks having all together &+ (n&d faces. We 
use the tubing operation to obtain the desired embedding of e x B from the 
derived embedding for G. Take m copies of the embedding G-* s, viewing them 
as “vertices” of the graph B. The graph B has s disjoint l-factors. Choose any 
one-to-one correspondence between those s l-factors and the s disjoint patch- 
works of the embedding c + s. If two copies of c + s are “joined” by an edge e 
of a given l-factor of B, then corresponding faces in the two copies belonging to 
the patchwork for that l-factor are joined by tubes which carry all the edges of 
the product e x B corresponding to the edge e. The m copies of the surface s 
have Euler characteristic mz. Each tube decreases that Euler characteristic by 2. 
Since there are (m/2) &, (n/d)pd tubes all together, the resulting surface has 
Euler characteristic 
mn((2-2y)-C(d-Ilf,ld)-mn(Cp,/d) 
din + 
which translates to the desired genus. Cl 
Theorem 3.2. Let H = Q x Z,, x Zm2, ml 1 m2, ml and m2 add. Let x = (i, I, 0) 
and y = (j, 0,l). Then the Cayley graph C(H, {x, y}) has an embedding in the 
surface of genus y = 2 + 2mIm2 - m2 = 1 + IHI/ - (m2 - 1). 
Proof. The embedding is obtained by a voltage graph construction; see [2]. Let 
x = (i, I, 0) and y = (j, 0, 1). The subgroup (x2) of H is isomorphic to Zti, and 
the quotient group H/(x2) is isomorphic to Z2 x Zmz. The Cayley graph for the 
quotient group using quotient images of x and y as generating set can 
be embedded in the torus as shown in Fig. 1. In the natural derived embedding 
for the Cayley graph for H, each of the 2m2 - 2 digons lifts to a single 4mI-gon. 
Each of the 2m2 - 2 hexagons bounded by xy21tV1yD2 lifts to 2m1 hexagons, 
2m1(2m2 - 2) of them all. Each of the 4 quadrilaterals ifts to ~PQ octagons, 4mI 
of them in all. Thus the Euler characteristic of the derived embedding surface is 
x = 8mIm2 - 16mIm2 + (2m2 - 2 + 2m1(2m2 - 2) + 4mI) 
x X D - Y 
Fig. 1. An embedding in the torus for the Cayley graph for the quotient group H/(X*) = 22 X &,,,* 
shown for the case m2 = 7. 
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which gives a genus of 
y=(2-X)/2=2+2mIm2-ma. Cl 
Theorem 3.3 (r = 2, s = 0). Let H = Q x Zm, x Zm,, ml 1 m2, ml and m2 odd. 
Then 
1 + IHI/ s y(H) s 1 + IHI/ - (m2 - 1). 
Moreover, any genus-producing generating set X must consist of two elements both 
of order greater than three, unless ml = 3 and y(H) = 1 + IHI/ - m2. In the latter 
case {(i, 0, 0), (j, 0, l), (0, 1, 0)) may also possibly be genus-producing. 
Proof. The lower and upper bounds on y(H) follow directly from Theorems 2.6 
and 3.2. Suppose that X is genus-producing. If val(X) = 4, then by Lemma 2.2, X 
consists of two elements of order greater than three. By the proof of Theorem 
2.7, val(X) = 5 is impossible. If val(X) > 6 or if val(X) = 6 and t3 = 0, then since 
2t + t2 2 s + 4 = 4, (see the proof of Theorem 2.1), we have by Lemma 2.5: 
y(H)al+IHI(4+2-4)/8M+(Hl/4-(m2-1). 
Thus if val(X) > 4, the only possibility is that t = 2 and t3 = 1. Let z be the 
element in X of order three, and let x and y be the other two elements of X. 
Then, up to relabeling elements of Q, we must have x = (i, a), y = (j, b), 
z = (1, c) where a, b, c generate &, x Z,, and c has order three. If ml # 3, then 
a and b must generate a rank 2 subgroup of Z,, x Z,,. Thus by Lemma 2.3, there 
is no relator of length 3, 4, or 5 involving only x and y. Hence every relator of 
length 3 must use three z’s, and every relator of length 4 or 5 must use at least 
two z’s (by irredundancy). Because there are only 2 IHI of the z’s available, 
3f3 + 2h + 2fS G 2 IHI. Therefore by Lemma 2.4, we have 
y(H) 2 1 + IHI (6) - 2 IHI/ 1 + IHI/ - (m, - 1). 
We conclude that if ml f 3, then val(X) = 6 is impossible. Finally, if ml = 3 and 
tS=2 and t3= I, then by Lemma 2.5, 
y(H)~1+IHJ($)/8=1+8~3*m2(~)/8=1+5m2=1+IH(/4-m2. Cl 
Theorem 3.4 (r = 2, s = 1). Let H = Q x A x Z2, where A is an odd order 
abehan group of rank 2. Then y(H) = 1 + IH//4. 
Proof. By Theorem 2.1, y(H) 2 1 + (Hl/4. By Proposition 24 of [5], there is an 
embedding of genus 1 + 1 H1/4. Cl 
Theorem 3.5 (r = 2, s = 2, 3). Let H = Q X A X 2; where 
ml 1 m2, m, and m2 odd, and s = 2, or 3. Then 
A = &, X zm2, 
(i) 1 + 32mlm2/3 6 y(H) s 1 + 4ml [8m2/3], ifs = 2; 
(ii) 1 + 80mlm2/3 G y(H) s 1 + 16ml [5m2/31, ifs = 3. 
In particular, if 3 divides )Hl, then y(H) = 1 + I HI (2 + s)/3. 
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x x D - Y 
Fig. 2. A Cayley graph embedding in the torus for the quotient group 2, X Zhz with three 
patchworks. 
Proof. The lower bounds are given by Theorem 2.6. The upper bounds come 
from the following application of Theorem 3.1. 
Let e be the Cayley graph C(Q X A, {x, y}) from Theorem 3.2, where 
X = (i, 1,O) and y = (i, 0,l). Let G be the quotient Cayley graph for the quotient 
group Q x A/(x2) = Z2 x Z 2m2, again just as in Theorem 3.2. Consider this time, 
however, the toroidal embedding illustrated in Fig. 2 for the case m2 = 7. This 
embedding has three disjoint, generalized patchworks. The fhst of the patch- 
works consists of the 2m2 digons bounded by x2. Thesecond is the collection of 
[2m2/31 hexagons labeled by the number 2; the two hexagons labeled 2* are 
bounded by ~y~xY_~, while the remaining hexagons labeled 2 are bounded by 
xy2x-‘y-‘. The third patchwork is the collection of [2m2/31 hexagons labeled by 
the number 3; all of these are bounded by ~y~x-‘y-~. 
Suppose s= 2. Let B be the Cayley graph for 2; corresponding to any two 
element generating set. We now apply Theorem 3.1 to G, G, B, n = 2ml, and 
the first two patchworks. Since the excess voltage is the identity on all faces not in 
the first two patchworks, the only faces making a nonzero contribution to the sum 
in Theorem 3.1 are those in the given two patchworks. Therefore the embedding 
given by Theorem 3.1 has genus 
1 + (4 l 2mJ2)(0 + c ((d - l)pd +pd)ld) 
= 1 + 4m@ pd) = 1 + 4m1(2m2 + [h2/31) 
= 1 + 4ml [8m2/31. 
Suppose s= 3. Let B be the Cayley graph for 2; corresponding to any three 
element generating set (B is clearly bipartite). This time we apply Theorem 3.1 to 
G, G, B, n = 2ml, and all three patchworks. Once again, only the patchwork 
faces contribute to the sum. The constructed embedding has genus 
d. + @ml 0 8/2)(x pd) = 1 + 8m1(2m2 + 2 [2m2/31 ) 
= 1 + 16mI [5m2/31 l Cl 
166 T. Pisanski, T. W. Tucker 
Theorem 3.6 (r = 3, s = 1,2). Let H = Q x A x Z$ where A is the odd order 
abelian group Z,, x Z,,,, x Z,,, ml 1 m2 1 m3, and s = 1 or 2. Then 
(i) 1 + 16m,m2m3/3 s y(H) c 1 + 2m,m2[8m3/31, ifs = 1; 
(ii) 1 + 40mIm2m3/3 =G y(H) s 1 + 8mIm2[Sm3/3], ifs = 2. 
In particular, if3 divides IHI then y(H) = 1 + IHI (3 + s)/l2. 
Proof. Let G and c be as in the proof of Theorem 3.5 except hat the quotient 
group is Z2 x Z,, and n = 2m2. For s = 1, let B be the Cayley graph for 
Ztn, x 22 = &m, corresponding to a one element generating set (clearly B is 
bipartite). Applying Theorem 3.1 to the first two patchworks, again as in 
Theorem 3.5 for s = 2, we obtain a Cayley graph embedding for H = Q x Z,, x 
Z,, X Zti, in a surface of genus 
= 1 + (2m,m2)(2m3 + [2m3/31 ) 
= 1 + 2mIm2 [8m3/ 31. 
For s = 2, let B be the Cayley graph for Z,, X Z2 X Z2 = Z,, X Z2 correspon- 
ding to the generators (1,O) and (0,l); again, B is clearly bipartite. Applying 
Theorem 3.1 one last time, we obtain a Cayley graph embedding for H of genus 
= 1 + 4m,m2(2m3 + 2 [2m3/31) 
= 1 + 8mIm2[5m3/31. 0 
Table 2. Hamiltonian groups of unknown genus and order at most 1000. 
Group 
Lower Upper 
r s Order Bound Bound 
l-7 Q=,xs,,+,, 2 0 14-h + 72 
Osns6 
8-10 QxJW&,,+,, 2 0 4OOn+200 
OSnS2 
11 QxZ; 2 0 392 
12 QxZ; 2 0 648 
13 Q x2;, 2 0 968 
14 Q x2&, 2 2 800 
15 Qx23 3 0 216 
16 QxZfxz, 3 0 648 
17 QxZ; 3 0 1000 
18 QxZ$ 4 0 648 
24n + 13 3on + 17 
[2OOn + 1031 
3 
9On+47 
67 93 
109 155 
163 233 
268 321 
73 163 
217 487 
335 751 
325 487 
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4. Open problems 
There are 154 hamiltonian groups of order at most 1000. The genus of 18 of 
them is still unknown. In Table 2, we give, for each of these groups, the order, 
the value of r and s, and the best known lower and upper bounds for the genus. 
Notice that s = 0 for all but one of these groups, and that 10 of the groups are 
triangular. 
Based on Tables 1 and 2, we propose some problems for further study. 
Unfortunately, it seems likely that each problem will require different techniques. 
Problem 1. Find the genus of Q x Z3 x &. 
Problem 2. Find the genus of any hamiltonian group with r = 2, s = 0. 
Problem 3. Find the genus of Q x Z&, the only group in Table 2 with s # 0. 
Problem 4. Find a good embedding for the case r = 5, s = 1, which is the only 
case with s # 0 not yet studied. 
Problem 5. Find the genus for any of the unsolved triangular cases given in Table 1. 
Problem 6. Find the genus for the cases r = 0 mod 4, s = 0. 
Problem 7. Find the nonorientable genus of low rank hamiltonian groups (see 
[§I) . 
Problem 8. Find the symmetric and strong symmetric genus (for definitions, see 
[2]) of some hamiltonian groups. 
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